Dyslipidemia is a highly prevalent condition, and includes a collection of diseases that cause increased levels of plasma triglycerides and/or cholestrol, or decreased levels of HDL-C, with a prototypical disease being familial hypercholesterolemia. Dyslipidemic conditions promote increased atherogenesis through the oxidation of lipids by macrophages, and an increased response to injury by the vascular endothelium. This vascular damage, loss of vascular compliance, and overall hardening of arteries lead to sequellae such as cardiovascular disease, cerebrovascular events, and aneurysm formation. It has been established that certain risk factors predispose individuals to the sequellae of atherosclerosis, including smoking, diabetes, hypertension, and hyperlipidemia. However, studies show that these risk factors can be seen in children as well. This review aims to assess the effect of these risk factors and demonstrate their effects through adolescence into adulthood.
Introduction and Pathophysiology of Hyperlipidemia and Familial Hypercholesterolemia
Dyslipidemia is a common condition, affecting approximately 1 in 3 individuals in the United States [1] . Dyslipidemia is a term used to describe a collection of diseases, both genetically and environmentally influenced, that cause the elevation of plasma triglycerides (TG) and/or low density lipoprotein cholesterol (LDL-C), or low levels of high density lipoprotein cholesterol (HDL-C) [2] .
Though dyslipidemias are highly influenced by secondary risk factors, such as age, race, and lifestyle [3] , genetics as a primary risk factor underlies the development of disease as well. Population meta-analyses have reported over 100 genetic loci that are associated with lipid levels. Previously unreported loci are now being added to the cohort of single nucleotide polymorphisms (SNPs) that may play a role in the genetics of dyslipidemias [4] .
Because of its genetic influences, familial hypercholesterolemia (FH) can be used as a model to understand some of the physiological derangements that contribute to dyslipidemias. Common sources of FH include defects in the low density lipoprotein receptor (LDL-R), in apolipoprotein B (ApoB), and in proprotein convertase subtilisin/kexin type 9 (PCSK9), but are certainly not limited to these genes [5] . FH is a prevalent form of dyslipidemia especially in younger individuals, affecting approximately 1 in 500 individuals [6] [7] . In the adolescent population, one study reported a 1 in 267 prevalence of FH in a community of otherwise healthy Australian adolescents [8] . The prevalence of FH can vary by ethnicity, as certain populations can harbor a greater concentration of specific genetic mutations resulting in FH [6] . FH is believed to have a prevalence of 1 in 217 in the United States general population (higher than the 1 in 500 statistic that was previously reported) but 1 in 211 in African Americans and 1 in 414 in
Mexican Americans [9] [10].
FH is inherited codominantly, with differing phenotypes for the homozygous and heterozygous forms of the disease [6] [11] . The heterozygous form (HeFH), affecting nearly 1 in 200 worldwide, is more prevalent than the rarer and more severe homozygous form of the disorder (HoFH), which affects approximately 1 in 1,000,000 worldwide [12] [13] . HoFH can be distinguished from HeFH by either genetic characterization of mutations in the LDL-R gene, or by quantifying the activity of the LDL-R [6] .
The most common cause of FH is a loss-of-function mutation in the LDL-R gene (of which there have been over 1700 reported), causing either reduced numbers of or decreased function in the LDL-Rs [6] [14] [15] . Other mutations include those in genes encoding the ApoB and PCSK9, both of which cause a decrease in the number of functional LDL receptors, or a decrease in the functionality of the receptors present [5] . In some cases, no causal inherited mutation was identified, but the additive effects of SNPs in the genes that influence LDL-R resulted in FH [16] . This accounts for up to 20% of FH patients [17] . In both HoFH and HeFH, the levels of low density lipoprotein cholesterol (LDL-C)
in the blood increase substantially over time due to insufficient clearance of LDL-C, and ultimately lead to the development of atherosclerotic fatty streaks and lesions, increasing the risk for cardiovascular disease [5] [7] . Studies report varying risk elevations of cardiovascular disease in the setting of FH. One study reported a 3-to-13-fold increase in the risk of premature atherosclerotic cardiovascular disease compared to those individuals with normal lipid levels [13] .
Another study reported a 10-to-20-fold increase of developing atherosclerotic cardiovascular disease in patients with a causal mutation [18] . Irrespective of the World Journal of Cardiovascular Surgery and aggregation along with intimal leukocytic infiltration cause progressive herniation and narrowing of the vessel lumen, increasing potential for vascular damage, cellular injury, and oxidative stress [24] . Both the innate and adaptive limbs of the immune response have been implicated in atherosclerosis, with cytokines and chemokines being chief directors of leukocytic and other immune cell migration into and proliferation within the intimal layer [28] .
The oxidation hypothesis states that the oxidation of lipids is an inciting factor in the development of atherosclerotic lesions. Due to elevated serum lipids, lipids and lipoproteins deposit in the vessel walls and are phagocytosed by macrophages. The macrophages initiate lipid peroxidation in an attempt to destroy the lipid deposits and release the fatty acids. This causes a release of reactive oxygen species (ROS). However, ROS is toxic to plasma membranes and causes a reorganization of the cell structure, especially in actin polymerization [24] Atherosclerotic lesions are classified based upon their histological appearanc and can be divided into two main categories [27] . Early atherosclerotic lesions, which precede and may initiate the formation of more advanced type lesions, include Types I, II, and III [27] . These early atherosclerotic lesions cannot be detected using angiography [33] . Advanced atherosclerotic lesions are associated with increased intimal disorganization, thickening, and deformation. These include Types IV, V, and VI [27] . Advanced atherosclerotic lesions can undergo complications such as thrombosis, aneurysmal dilation, fissure, and rupture [24] [26] [27] .
Type I lesions are the first lesions seen on microscopy and can be frequently found in infants and children. They are characterized by minimal intimal change with isolated foam cell and macrophage accumulation. These are very similar to type II lesions, though type II lesions are more prominent and can be visualized upon gross examination as yellow-colored streaks [27] . Histologically, type II lesions, also known as "fatty streaks", contain more subintimal macrophages, T lymphocytes, and lipid-laden macrophages and smooth muscle cells [24] [27].
Much of the lipid is contained intracellularly. If type II lesions are found in specific and predictable areas of the arterial vasculature, including the bifurcations and branch points of vessels, they are referred as "progression-prone type IIa lesions". These predictable locations include the aorta (commonly distal to the ascending aorta) and coronary arteries. Type III lesions are considered the transition between type II lesions and atheromas (type IV). They are characterized by an increased amount of extracellular lipid deposition that disrupts the normal cohesive nature of the vascular smooth muscle cells [27] . [33] . It has been shown that the presence of atherosclerotic disease in one arterial bed is positively associated with concurrent involvement of other vessels [34] . These clinical manifestations can be used as markers to understand the progression of atherosclerosis as related to various risk factors for atherogenic development. [24] .
Risk Factors
The risk factors associated with adult atherosclerosis have also been implicated in children, and contribute to the earlier development of disease in children [35] . Additionally, the effects of the various risk factors are additive, with their combined effect greater than the sum of their individual effects, and their respective effects become greater as age increases [36] . Several other diseases typically diagnosed in childhood can create an additive effect with early dyslipidemia diagnoses, including type 1 diabetes mellitus, connective tissue diseases, chronic kidney disease, and HIV [37] . By understanding the risk factors seen in children that can lead to hyperlipidemia and eventual atherosclerosis, better treatment plans can be created for the future care of dyslipidemia in the pedia-World Journal of Cardiovascular Surgery tric population.
Studies notable in their efforts to elucidate the relationships between various risk factors of cardiovascular disease include the Muscatine and Bogalusa studies [38] . The Muscatine study, a longitudinal study conducted with over 14,000
predominantly white children aged 8 -18 years, followed subjects every 10 years with repeated testing. Levels of carotid artery atherosclerosis were determined using noninvasive B-mode ultrasound and used as a marker of overall cardiovascular health and atherosclerosis in the body [39] . The Bogalusa study, another longitudinal study, is one of the longest and most detailed prospective studies of childhood risk factors in the study of coronary artery disease and hypertension [38] . This study consists of a population of both white and black and TG levels significantly, while those who smoked more than 5 cigarettes per day additionally significantly increased LDL levels [41] . Those adolescents who smoked less than two years (n = 15) had a mean TG difference of 49.4 points lower than those who smoked for greater than two years (n = 35; p < 0.001); additionally, those adolescents who smoked less than 5 cigarettes a day (n = 24)
had a mean TG difference of 29.1 points lower than those who smoked more than 5 cigarettes a day (n = 26; p = 0.02) [41] . These conclusions have been replicated in several other studies, both in pediatric and adolescent populations [42] [43] .
In a study examining the presence of atherosclerotic lesions as a result of various risk factors, researchers found that there was a significantly higher prevalence of raised fatty lesions found in the abdominal aorta in white male smokers from ages 15 -34 [36] . Smoking was also found to be a strong environmental risk factor for coronary artery disease in men with HeFH (p < 0.005), but not in women with HeFH [44] . Smoking has been postulated to alter the gene expression of those genes involved in TG and LDL levels and has been categorized as a [47] . Furthermore, the effect of the antioxidant vitamin C on PGF 2a levels was shown to be significant, with a decrease by an average of 29% of urinary excretion of PGF 2a [47] . Vitamin C is a very potent defense against oxidant stress for plasma lipids and LDL, and has shown to be decreased in chronic smokers [49] [54] . Overall, these studies support the strong association between active smoking and the development of atherosclerosis. A summary of study conclusions can be found in Table 1 .
Passive Smoking
Second-hand smoke has been associated with cardiovascular events and atherosclerosis in adults, but recent research has found that the effects can stem as early as in childhood and adolescence [55] . Among many others, one mechanism by which negative cardiovascular effects occur after secondhand smoke is endo- Most notable is the fact that this endothelial dysfunction as a result of even low levels of secondhand smoke exposure can be seen in young children of 11 years old [55] [57].
After placing Tibetan adolescent males in groups based on their levels of serum cotinine (a chief metabolite of tobacco in cigarettes used as a marker of recent exposure (within 2 -3 days) to secondhand smoke), it was shown that all serum levels of cotinine were associated with early markers of atherosclerosis and endothelial dysfunction [55] [57] [61] . Adolescents with high levels of serum cotinine showed more deterioration of cIMT (p < 0.001) and intimal smoothness (p < 0.05) as compared to those with low levels of serum cotinine; additionally, vascular endothelial function was significantly more decreased in the adolescents in the high cotinine level group, after taking measurements of flow-mediated dilation of vessels and ankle-brachial index (p < 0.001 for both measurements) [55] . Likewise, both past and current exposure to SHS is associated with increased intima-media thickness of the carotid artery (cIMT) [62] . The effect of passive exposure to secondhand smoke in young children and adolescents has also been found to have a dose-dependent effect on vascular function [52] [57].
The endothelium-dependent flow dilation of the brachial artery after mechanical constriction of the vessel showed a significant dose-dependent relationship between increased levels of serum cotinine and increased levels of endothelial dysfunction in children of 8 and 11 years old [57] .
Cardiovascular dysfunction due to smoking (both passive and active) can also result from the increased oxidant stress that is placed on the endothelium, due to the high levels of oxidants and pro-oxidants that are found in SHS [48] . This can eventually lead to the creation of oxidized LDL resulting in the formation of foam macrophages, and is therefore a key event in the development of atheros- [48] . A study examining the serum antioxidant defenses of adults from the ages of 23 -39 years found that the serum antioxidant activity was significantly decreased after subjects were exposed to passive smoke for 30 minutes [48] . This short exposure to SHS caused a 31% decrease (p < 0.001) in the total serum antioxidant defense (measured by the total peroxyl radical trapping potential of the serum), an increase in the lipid peroxidation end products, and an accumulation of LDL cholesterol in macrophages [48] . These findings were corroborated in a similar study done in children between the ages of 9 -13 years, comparing children who had been exposed to passive smoke in their homes of at least 10 cigarettes per day for 1 year to children who had never been exposed to passive smoke [63] . After measuring the children's total antioxidant status, the response to oxidant stress was significantly lower in children who had been exposed to SHS (p = 0.018) [63] . Oxidant stress was also seen in infants between the ages of 6 -24 weeks exposed to at least 5 cigarettes per day (mean exposure of 10 ± 3 cigarettes per day; range 5 -25 cigarettes per day) for the past 6 months. Infants exposed to SHS had significantly decreased levels of serum antioxidant activity, upon measurement of hydroxyl radical (1.17 ± 0.06 mmol Trolox equiv./L, compared to control 1.59 ± 0.12 mmol Trolox equiv./L, p = 0.002) and a stable radical cation. (2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid) (1.42 ± 0.22 mmol Trolox equiv./L, compared to control 1.66 ± 0.18 mmol Trolox equiv./L, p = 0.003) [64] . Additionally, albumin (a protein with about half of the total antioxidant capacity of blood plasma) levels were significantly lower in exposed infants (p < 0.001), along with the decrease of other potent antioxidant molecules, such as thiol, uric acid, and bilirubin (p = 0.009, p = 2.57, p = 0.076, respectively) [64] [65] .
The association with exposure to secondhand smoke and increased cardiovascular dysfunction is also linked and exacerbated by obesity and other risk factors earlier in life. The exposure to SHS at a younger age can result in worse outcomes, as children have smaller airways and higher respiration rates, thereby causing increased SHS inhaled per unit body [62] [66] . Increased rate of smoking in parents has been associated with an increased risk of acute ischemic cerebrovascular events in children [46] . Childhood acute ischemic strokes (cerebrovascular events) are rare, associated with risk factors such as congenital heart malformations, infectious diseases, and collagen tissue diseases, but also with risk factors that are more commonly associated with atherosclerosis. These include vascular abnormalities, endothelial damage, and hypercoagulable states (such as factor V Leiden, increased lipoprotein (a) concentrations, and deficiencies of coagulation cascade inhibitors like protein C, protein S, and tissue factor pathway inhibitor) [46] [67] [68] [69] [70] . A summary of study conclusions can be found in Table 2 .
Diabetes
Diabetes Mellitus, both type 1 and type 2, is associated with accelerated development of vascular disease [6] . Chronic hyperglycemic states can induce diabetes have a less atherogenic fasting lipid profile (with lower levels of LDL-C and TG and higher HDL-C) than those without diabetes [74] .
In adolescents, Type 2 diabetes has a prevalence of approximately 4.1 to 1000, according to data from NHANES III [6] . Type 2 diabetes diagnoses in adolescents are a relatively recent phenomenon, but share the same cardiovascular disease risks and morbidity/mortality outcomes as in the adult population [75] .
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A study done in Pima Native American Indian children aged 5 -19 years found that those diagnosed with type 2 diabetes had a significantly higher prevalence of obesity and hypertension at diagnosis than their non-diabetic counterparts (aged 10 -19 years old). Additionally, upon re-examination after 10 years, there was a higher prevalence of abnormal hyperalbuminuria among those children who were diagnosed with type 2 diabetes at a younger age, demonstrating a further clinical course of the disease than their counterparts [76] . This increased hyperalbuminuria in the Pima pediatric diabetic population, in both prevalence and in severity, is an increased risk for future cardiovascular events [6] [76] . In addition to hyperglycemia-mediated vascular changes, insulin resistance is also associated with hypertension, due to increased sodium retention, increased sympathetic nervous system activity, and increased stimulation of vascular smooth muscle cells [6] [77] [78] . The microvascular and microvascular changes, coupled with hypertension, place diabetic patients into a higher cardiovascular risk factor group [6] .
When comparing children diagnosed with type 1 diabetes and type 2 diabetes, their cardiovascular risks and outcomes differ depending on the diagnosis made. Children diagnosed with type 1 diabetes are typically diagnosed earlier than those children diagnosed with type 2 diabetes, and are more symptomatic at diagnosis. However, with optimal and aggressive management of blood glucose levels, cardiovascular risk is reduced, and outcomes are improved. These children are considered high risk for early cardiovascular disease [6] . In contrast, children diagnosed with type 2 diabetes are not as symptomatic upon diagnosis, and have a lower atherosclerotic acceleration when compared to their type 1 diabetic counterparts. They are still managed as high-risk patient due to the associated comorbidities of type 2 diabetes [6] .
Aortic and arterial stiffness is used as a marker of cardiovascular disease, as it is a strong predictor of cardiovascular events. A study assessing arterial stiffness in children with type 1 diabetes (98 diabetic children and 57 controls; aged 10 -18 years; matched for age, sex, race, and BMI (43 matched pairs)) found that children with type 1 diabetes had increased arterial stiffness compared with their healthy counterparts, upon non-invasive radial artery tonometry [79] . This was corroborated in another study of type 1 diabetic young adults (mean age = 20.8 with mean duration of diabetes =10 years), where aortic pulse wave velocity (an index of aortic stiffness) was significantly increased in those with diabetes as compared to controls (diabetes mean = 4.10; control mean = 3.90; p-0.045) [80] .
Dyslipidemia is commonly found in individuals with diabetes. A Canada-based national study found that about 55% of individuals diagnosed with diabetes for over 2 years also had a diagnosis of dyslipidemia. For those with a diagnosis of over 15 years, this statistic rose to 66% [81] . Additionally, the lipoprotein profile of an individual can be a marker of cardiovascular events, as LDL-C plays a key and obligate role in atherogenesis through its oxidation [82] [83] . HDL-C is particularly antiatherogenic, possessing antioxidant and anti-inflammatory characteristics [83] . Therefore, it follows that a lipid profile with increased levels of LDL-C and decreased levels of HDL-C is pro-atherogenic [74] [83] . A study assessing the subfractional components of all lipoproteins found that alterations in the fractional profile [74] . The lipoprotein classes are made up of fractions of differently sized particles, each with varying levels of activity [83] . Smaller, denser LDL particles are more pro-atherogenic because of their decreased ability to bind to the LDL receptor and increased ability to penetrate the endothelium, while larger HDL particles are more anti-atherogenic because of their increased capacity for reverse cholesterol transport and increased plasma residence time [84] . Previously reported to be found in adults with type 1 diabetes, the alteration in the subfractional components of the lipid profile can also be found in children and adolescents with type 1 diabetes, seen even just several years after diagnosis [74] . In adults, women with type 1 diabetes had both increased levels of LDL-C and smaller LDL size, while both men and women with type 1 diabetes had a more atherogenic lipid profile overall [74] [85] . Women also have a more proatherogenic lipid profile than males, with more cholesterol distributed in the smaller LDL subfractions, potentially due to increased insulin resistance [83] [86]. This atherogenic alteration in lipid profile can also be seen in adolescence, with both sexes having LDL subfractions with more cholesterol and HDL subfractions with less cholesterol, as compared to controls [74] . There were no notable differences between males and female adolescents with type 1 diabetes, but females showed lower amounts of cholesterol in VLDL for several subfractions [74] . A summary of study conclusions regarding diabetes and its association with cardiovascular disease can be found in Table 3 .
There seems to be a reciprocal relationship between dyslipidemia and poor metabolic control in adolescents: it has been shown that unhealthy diets that lead to increased BMI will result in increased lipid levels and poor metabolic control [87] . Additionally, this effect can be heightened in post-pubertal female (p = 0.0001), and TG (p = 0.0002), and a significant decrease in their HDL-C (p = 0.007) [92] . Additionally, adolescents who were both above the median BMI for their age group and resistant to insulin had significant had significantly higher levels of TG and lower levels of HDL-C than their insulin-sensitive counterparts [92] .
An inverse relationship between the prevalence of type 2 diabetes and FH has been seen in an observational study. Researchers found that type 2 diabetes was less prevalent in patients with FH than their unaffected relatives (1.75% vs.
2.93% in unaffected relatives; p < 0.001) [93] . Opposite to the mechanism of FH is the mechanism of statin drugs [93] . Extensive research has been done on ex- 
Hypertension/Obesity/Elevated Lipids
Hypertension is a powerful contributor to the development of atherosclerosis in World Journal of Cardiovascular Surgery adults, and is often found alongside other conditions such as diabetes, dyslipidemia, and obesity, among others [102] . In a long-term study measuring individuals' serum lipid levels, blood pressure, and BMI over a period of 27 years, it was found that blood pressure measurements during childhood (between the age of 3 and 18) were predictive of hypertension in adulthood [103] . This association held true for serum TG levels and body mass index as well [103] . These risk factors (hypertension, hypertriglyceridemia, and obesity) are highly associated with cardiovascular disease and coronary artery disease, and are influential in the development and progression of atherosclerosis.
One study assessing the incidence of cardiovascular accidents in adult patients (both male and female caucasians, all above the age of 45) with chronic renal failure re-established that cigarette smoking was a very significant independent risk factor for renal artery stenosis: patients that experienced cardiovascular events had a cumulative pack-year history of smoking that was three times higher than those without cardiovascular events [104] . This study also postulated that cigarette smoke's atherogenicity was higher in patients with uremic dylipidemia because of the increased generation of free radicals and lipid peroxidation, adding to the atherogenic load already present in uremic patients [104] [105]. Another major independent risk factor established was uremic dyslipidemia, namely, increased TC, LDL-C, apoB, and TG levels, and decreased HDL levels [104] . If lipid measurements taken during childhood years are predictive of lipid levels in adulthood, it follows that elevated childhood lipid levels increase a patient's risk for cardiovascular events in the setting of chronic renal failure, which has an estimated prevalence in the United States of about 14% [106] .
Another study found that an elevated blood pressure was more prevalent in overweight children and adolescents, and increased as obesity increased in severity [107] . Obesity and hypertension have been cited as two of the most influential risk factors in the development of cardiovascular disease in both adults and children [108] [109] . In a meta-analysis of 15 studies, and using left ventricular hypertrophy (LVH) as a marker of hypertensive cardiovascular disease, the odds ratio of having LVH was 4.19 times higher in obese patients than non obese patients [108] .
Additionally, studies such as the Bogalusa Heart Study have found that childhood BMI and blood pressure are highly predictive of the effects of cardiovascular disease, including left ventricular hypertrophy and changes in left ventricular geometric patterns [110] [111] [112] [113] . The Muscatine study found an association between elevated childhood BMI and an increased risk for carotid artery thickening in women [38] [39]. These findings together provide support for the argument to begin intervention in at risk children from an earlier age, but also to increase screening to detect higher risk children earlier in their lives, all in order to mitigate the effects of these risk factors later in life. These risk factors seen in children and young adults are highly predictive of adult cardiovascular outcome, and over time, the burden of cardiovascular disease increases [109] .
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The Muscatine study found that elevated childhood TC level was a significant independent risk factor for carotid artery thickening during adulthood for both men and women [38] [39]. The Bogalusa study found that any single measurement of elevated LDL-C level and BMI in childhood years was associated with an increased carotid intimal-medial thickness in young adults [40] . These results are consistent with autopsy results showing an association between TC or LDL-C levels with extent of atherosclerotic lesions in all ages, from infancy to adolescence [40] . A summary of study conclusions regarding hypertension, dyslipidemia, and obesity, and their associations with cardiovascular disease can be found in Table   4 .
Lifestyle

Physical Activity
Physical activity and exercise has been shown to decrease the pathogenesis and symptoms of individuals with dyslipidemia, and reduce cholesterol levels [114] [115]. Multiple cross-sectional studies have shown the association between physical activity, increased arterial elasticity and compliance, and decreased stiffening in all ages, from children to older adults [115] [116] [117] [118] . In adults, it has been shown that increased physical activity is associated with increased insulin sensitivity, a less atherogenic lipid profile, decreased incidence of metabolic syndrome, and a lower blood pressure [115] . A cross-sectional study of adults (n = 135; age 20 -40 years; 67 females) demonstrated lower arterial compliance in sedentary adults, as compared to their endurance-trained peers [119] . A summary of study conclusions regarding the relationship between physical activity and cardiovascular findings can be found in Table 5 .
Diet
Diet has been shown to be an independent risk factor affecting cardiovascular risk. A study showed that adiposity and the lipid-to-carbohydrate intake ratio were independent risk factors for cardiovascular risk, after being adjusted for age, gender, and duration of type 1 diabetes. This study was conducted in children and adolescents diagnosed with type 1 diabetes, yet regardless of HbA1c levels (a marker of severity and duration of hyperglycemia), the lipid-to-carbohydrate intake ratio independently affected the individual's non-HDL-C [120] . In these study subjects (age < 18 yr, Caucasian, type 1 diabetes onset > 1 yr prior to recruitment, and confirmation of diagnosis; n = 180), non-HDL-C was associated with an increased lipid-to-carbohydrate intake ratio, with an increase in non-HDL-C associated with lipid intake, and a decrease in non-HDL-C associated with carbohydrate [120] . It follows, therefore, that efforts should be made to both control blood glucose in patients diagnosed with type 1 diabetes, but also to control the macronutrient intake of the diet [120] . A summary of study conclusions regarding dietary intake and its association with cardiovascular disease can be found in Table 6 . 295 Adolescents above median BMI for their age had increased systolic blood pressure (p = 0.0009), fasting insulin (p = 0.0001), and TG (p-0.0002), and decreased HDL-C (p = 0.007).
Insulin-resistant adolescents above the median BMI for their age had higher TG and lower HDL-C than their insulin-sensitive counterparts.
[103] 2204 p < 0.0001 Increased adolescent measurements of systolic blood pressure, serum TG levels, and BMI were predictive of hypertension in adulthood.
[107]
497
The severity of child and adolescent systolic (p < 0.001) and diastolic (p < 0.01) hypertension is positively correlated with the severity of obesity.
[108] 5486 p < 0.01 The odds of having left ventricular hypertrophy were 4.19 times higher in obese patients than non-obese patients.
[110] 467 p < 0.001 In children, increasing BMI was positively correlated with increasing left ventricular mass.
[111] 824 p = 0.001 In young adults, BMI was positively correlated with eccentric left ventricular hypertrophy.
[112] 160 p < 0.2 In children, excess weight may correlate to left ventricular hypertrophy beyond normal cardiac growth.
[113]
343
Obese African-American adolescents had significantly higher left ventricular mass (p = 0.01) and wall thickness (p < 0.001) as compared to their non-obese counterparts.
[39]
769 Men: p = 0.002 Women: P = 0.009
Childhood TC levels are significantly correlated with increased cIMT in both adult men and women.
Childhood BMI is significantly correlated with increased cIMT in adult women.
[40] 486 p < 0.001 Any single measurement of elevated LDL-C or BMI in childhood is associated with increased cIMT in adulthood. 180 p = 0.007 Dietary lipid-to-carbohydrate intake ratio affects non-HDL-C levels (independent of HbA1c levels). Increased lipid intake is associated with increased non-HDL-C levels.
Current Practice
Screening
Current recommendations include screening children and adolescents for dyslipidemia through a universal method of screening children between the ages of 9 -11. This age range was selected because this is the period in which the atherosclerotic effects of dyslipidemia in patients with HeFH appear more rapidly; it is also before the natural pubertal decline of LDL-C [121] [122] . The recommendations also call for a second screening between ages 17 and 21 after puberty has occurred, again to mitigate the natural fluctuations of lipid levels during growth and maturity [123] [124].
Though FH has and requires aggressive treatment options, it is often underdiagnosed and undertreated, as evidenced by a follow-up study performed after children were diagnosed with FH; though there is a recommendation in place to refer screened children deemed at-risk to a pediatrician or specialized lipid clinic, only 51% of patients were referred, and only 29% attended a specialized lipid clinic [125] .
There are several screening strategies in place for FH. In the adult population, a systematic cascade screen of probands has proven to be more efficient and cost-effective than universal screening, which can pose as impractical and economically unfeasible [11] [126] . A 2014 Australian-based study concluded that integrating both genetic and phenotypic cascade screening in at-risk families was most cost effective [11] .
Diagnosis
Especially in the pediatric population, FH is underdiagnosed and undertreated, with estimates that only about 20% of pediatric cases are diagnosed [5] history, clinical characteristics, LDL-C levels, and any identified mutation, and considers FH to be "definite," "probable," or "possible" [130] .
In order to ascertain the specific cause of FH in a patient, DNA tests are used to look for mutations, deletions, or rearrangements in the three genes commonly related to FH (LDLR, ApoB, and PCSK9) [132] . This additionally creates a more definitive diagnosis.
Interventions/Treatments
For screened children with elevated LDL-C levels, the current 2011 guidelines first recommend a lifestyle change, with an emphasis on dietary management reduction of mortality (from 5.2-3.9-fold excess) [21] . This suggests that earlier diagnosis of HeFH (also used as a surrogate for hyperlipidemias), and implementation of primary prevention rather than secondary prevention, can result in a reduction of early coronary mortality associated with hyperlipidemia. Additionally, implementation of pharmacological interventions in patients with established disease requires more intense treatment to reduce mortality rates [21] .
A Netherland-based study aimed to see the effects of rosuvastatin, an extremely effective statin used to control hyperlipidemias in adults, on children between the ages of 6 and 17 with HeFH. Researchers found that the rate of progression of atherosclerosis in these children decreased when exposed to statins, as compared to their untreated affected siblings, through measurements of the carotid artery intima-media thickness [138] . Additionally, the age of statin treatment initiation has been positively associated with cardiovascular health: earlier age of statin initiation in patients with a family history and personal history of FH is associated with a smaller carotid intima-media thickness upon follow-up [139] .
In adults, statins are tolerated well, with rare side effects occurring only at very high doses, and even more rarely at lower doses. Some of these rare side effects include hepatotoxicity, myopathy, and myotoxicity, and can be as a result of drug metabolism interactions, espcially with the cytochrome P-450 enzyme system [140] [141] . In children, numerous statins are approved in the United
States and in Europe for use in FH in pediatric patients [37] . These include simvastatin, lovastatin, atorvastatin, pravastatin, fluvastatin, and rusuvastatin; all of the aforementioned are approved in children from the age of 10, with the exception of pravastatin, approved in children from age 8 [37] .
Meta-analyses of studies assessing the effects of statins in pediatric populations have shown a statistically significant increase in HDL levels and a statistically significant decrease in both LDL and TC levels when compared to a placebo [142] . The use of statins in children has not presented increased safety risk in studies when compared with the administration of a placebo; however, there is very little data demonstrating the effects of exposure to statins longer than 2 years in children [15] . The short-term safety and efficacy of statins has been demonstrated in numerous studies and meta-analyses, including the effect of statins on the production of steroid sex hormones [37] [143] . One study found that, upon follow-up of pediatric FH patients on a statin regimen, there seemed to be no statistically significant effect of statins on sexual growth and maturation, when compared to reference values [139] . When compared to children between the ages of 8 and 18 taking plecebos, pediatric subjects receiving a statin intervention had no significant difference in levels of dehydroepiandrosterone sulfate and cortisol, and no changes from baseline values [144] . Another meta-analysis evaluating the effects of statins on children between the ages of 8 and 18 years found that there were no statistically significant differences between children treated with statins and those treated with placebos in terms of adverse effects, changes in sexual development, muscle toxicity, or liver toxicity [143] . World Journal of Cardiovascular Surgery 
Conclusion
Risk factors for dyslipidemia and development of cardiovascular disease and atherosclerosis are similar in children, adolescents, and adults. However, the effects of various insults to the vasculature can be observed as early as in pediatric years. When seen in early life, these modifiable risk factors often have an augmented effect throughout childhood and into adulthood, though the overall pathogenesis and consquences of the risk factors are the same in both children and adults. By understanding these risk factors as they relate to children and adolescents, lifestyle modifications can be made earlier in life by both children and their families to reduce the progression of dyslipidemia and atherosclerosis in children and adolescents. Additionally, a comprehensive understanding of the effects and safety profiles of pharmacological treatment, and its translation to significantly reduced morbidity and mortality later in life can promote earlier screening and treatment in the pediatric population, eventually working to reduce the burden of dyslipidemia on our population.
Methods
A literature review was conducted using computerized databases (PubMed, MEDLINE, Ovid, Wiley Online Library) and a references list search. Articles were included based on their type, objective, and target sample and audience. An effort was made to concentrate selected articles on those targeting a pediatric sample. However some concepts were related using both pediatric and adult models. A selection of both primary literature and review articles was used to compile the information presented; review articles were used as a foundation upon which to build a repertoire of primary literature sources.
